The aim of the present research is to examine the temporal evolution of air pollution levels in the wider industrial zone of Kavala region, Northeastern Greece in terms of four major air pollutants: sulfur dioxide (SO 2 ), hydrogen sulfide (H 2 S), methane (CH 4 ) and total hydrocarbons (THC). The daily average concentrations of the specific pollutants were recorded for the period 2004-2016 (13 years), in parallel with key meteorological data. Results indicated a slightly increasing trend of concentrations over the years and especially during the period 2010-2013. In all cases the concentrations were below the limits set by the national legislation and alarm values. High values of the ratios average SO2 and H2S concentrations to median SO2 and H2S concentrations indicated few episodes with high concentration levels of SO 2 and H 2 S. The concentration levels measured during warm and cold period and during weekdays and weekends were identical indicating uniform sources within the year.
Introduction
Air pollution deriving from industrial activities is a major concern worldwide. Intense industrialization can lead to the degradation of the ambient air quality, thus affecting both workers and people living within adjacent residential areas. External costs associated to atmospheric pollution from industrial activities (e.g. due to climate mitigation and human mortality) can be significantly high and should be taken into account during decision making [1] . Several studies have been conducted around the world that investigate the air quality in industrial areas in terms of various pollutants such as volatile organic compounds [2] , trace elements [3] , air pollution indices (including SO 2 , NO 2 , PM 10 ) [4] and others. Some of these studies have attempted to predict future air pollution levels through detailed monitoring [5] . Despite the recent efforts in EU, still a large part of European population is exposed to poor air quality [6, 7] . The aim of the specific paper is to evaluate the temporal evolution of air pollution levels in the wider industrial zone of Kavala region, Northeastern Greece. Residential areas are located in close proximity to the industrial zone whereas the wider area is characterized by its rich natural environment neighboring with the National Park of East Macedonia and Thrace. In that aspect, the monitoring of air quality in the examined location is significant since it affects both human health and natural environment.
Materials and Methods

Description of Sampling Area
Τhe sampling station was located within the boundaries of the wider industrial zone of Kavala situated in the region of Eastern Macedonia and Thrace, Northeastern Greece. The climate of the specific area is Csa sub-type under the Köppen climate classification [8] reference which indicates mild temperate climate with hot dry-summers. Data were acquired from an environmental monitoring station (40 o 58'01.03'' N, 24 o 32'45.95' E) which is positioned in close proximity (<5km) with key industrial (oil desulfurization plant, fertilizer and chemical plant, smaller manufacturing plants) and emission intensive anthropogenic activities (commercial port, airport, national highway) (Figure 1 ). Around the industrial zone, there are several residential areas most significant of which is the town of Kavala (≈55,000 residents), located 12km west of the sampling station.
Description of Sampling Profile-Equipment
The sampling campaign was conducted during the period 2004 to 2016 (13 years). Data utilized in this study, were acquired from the environmental monitoring station of Kavala Oil S.A. as previously mentioned. The sampling equipment was installed into an air-conditioned container that kept the temperature between 15 and 25 0 C. Four major air pollutants were simultaneously recorded (in average daily concentrations; N = 4,749 recordings per parameter): sulfur dioxide (SO 2 ), hydrogen sulfide (H 2 S), methane (CH 4 ) and total hydrocarbons (THC).
SO 2 results from the burning of sulfur or materials containing sulfur and can affect both human health by harming the respiratory system and the environment [9] . H 2 S is a highly hazardous and toxic gas with characteristic odor that can cause various health effects depending on the route, length and intensity of exposure. Gas operations and petroleum refining are the main non-natural sources of hydrogen sulfide [10] . CH 4 has both anthropogenic and natural sources, is a major greenhouse gas and can contribute to the photochemistry of the atmosphere. THC refers to the measurement of chemicals containing carbon and hydrogen atoms (incl. CH 4 ) and their environmental and health effects vary depending on specific hydrocarbon concentrations. The specific pollutants are monitored following specific environmental terms in order to monitor and assess the adjacent industrial processes of the desulfurization plant and their respective impact on the atmospheric quality. A UV fluorescent SO 2 analyzer (Model AF22M) and a flame ionization hydrocarbon analyzer (Model HC51M) were utilized for measuring SO 2 -H 2 S and THC -CH 4 respectively. The sampling inlet was installed 3 meters above the ground surface. Weather data (temperature, humidity, wind speed and direction) were additionally recorded with the application of meteorological instruments.
Predominant Weather Condition
Measurements during the 13 year sampling campaign indicated that the predominant wind direction was southsouthwest (SSW = 13.4%). The presence of south winds ( Figure 2 ) increases the possibility that industrial emissions are recorded since the industrial facilities are south of the sampling station. The wind speed ranged from 0.1-16.8 m/s whereas moderate winds (> 6m/s) were often recorded (16.3%). Wind speeds in between the range of 3-5 m/s were recorded at a percentage of 45%. The impact of winds in the examined area is twofold as they have both the ability to dissolve gaseous emissions but on the other hand can simultaneously transfer them in nearby towns and villages.
The range of average daily temperature was -3 to 34 0 C whereas the average annual temperature for the sampling period was 16-18 0 C exhibiting an increasing trend over the years. In Figure 3 , the monthly average values per weather parameter for the 13 -year period are presented exhibiting a typical Mediterranean profile. During the summer higher percentage of winds are from the southwest while in parallel the wind speed is decreasing. The average annual humidity ranged from 59% (2009) to 70% (2005) whereas the months with the highest and lowest humidity were February (68%) and August (59%) respectively. The annual concentration levels per pollutant measured during the sampling campaign are summarized in Table 1 . The range of average concentrations for THC (0.8-1.8 mg/m 3 ) and CH 4 (0.7-1.6 mg/m 3 ) is slightly increasing throughout the years. Comparing the average to median values (Table 1) , they were found to be close to unity for THC and CH 4 . Ratios close to unity indicate a smooth distribution between high and low values, an indication that consistent sources, sinks and characteristics prevail in general in the area. On the other hand ratios significantly higher (or lower) than unity, indicate data sets biased from sporadic data sets of relatively high (or low) concentrations. That was the case mainly for SO 2 and secondly H 2 S where the ratios were in the range of 1.0-7.5 and 1.0-3.4 respectively. Those higher values especially for years 2014 and 2015 indicate few episodes of high level concentrations of SO 2 and H 2 S. It should be noticed here that THC and CH 4 did not exhibit similar behavior, suggesting that they may originate from different emission regime. (Figure 4) . The standard deviation for SO 2 and H 2 S ranged from 2.0-13.0 and 0.2-8.8 µg/m 3 respectively. SO 2 derives from fuel combustion and industrial activities such as oil refining and sulfate treatment. In the study area, the presence of such activities is intense. Additionally, two highways are placed close to the sampling station, satisfying both local and international transportation needs that further hinder the air quality of the examined region. The recorded SO 2 concentrations, were significantly lower compared to urban centers even in non-heating periods such as large Chinese cities (5-40 µg/m 3 ) [11] , or Tehran (110-150 µg/m 3 ) [12 ] but were comparable to suburban site in Greece however with significant traffic load (Rio-Antirio, 1.5-3.0 µg/m 3 ) [13] or even to suburnan sites of US [14] . Around the premises of the industrial zone there are marshy areas where due to the anaerobic bacteria degradation of organic substances containing sulfur, are potential sources of H 2 S. Consequently, within the boundaries of the examined region, there is a significant presence of both physical processes and anthropogenic activities that can highly affect the concentration levels of SO 2 and H 2 S. Significant variations are observed regarding In order to better examine the temporal evolution of air pollution levels and compare them with respective limits (national legislation and alarm values set by industry), the average daily concentrations for the period 2004-2016 are presented (Figures 5 and 6 ). An increasing trend for all four pollutants is observed throughout the years, especially for 
Results and Discussion
Temporal Evolution
Seasonal Variation
In an attempt to assess whether seasonal factors may potentially affect the concentration levels of the examined pollutants, the monthly average concentration levels per pollutant and the daily average concentrations on weekdays and weekends were extracted ( Table 2 ). The monthly average concentration levels of SO 2 during the cold period (1/10-31/3; avg. temperature = 10. ). Seasonality affects SO 2 and H 2 S in opposite ways, since concentrations levels of H 2 S were higher during warm period (3.7 and 3.2 µg/m 3 for warm and cold period respectively), indicating the temporal persistence of different characteristics (e.g. sources, sinks) within the year. During September a noticeable peak in SO 2 concentrations is observed (Figure 7 ) especially during the years 2007, 2010 and 2016 when the average monthly concentrations were above 15 µg/m 3 . The specific finding indicates potential increased activity in the wider industrial zone during September (usually start-up after maintenance) that may burden the air quality of the area and need to be further examined. For THC and CH 4 concentration levels were similar during both periods (1.5 and 1.4 mg/m 3 for THC and 1.3 and 1.2 mg/m 3 for CH 4 for cold and warm period respectively) indicating uniform relative characteristics in the wider area. Additionally, the average concentrations for all four pollutants during weekdays and weekends were identical. Considering the above, no safe results can be extracted regarding the contribution of nonindustrial anthropogenic activities related to seasonality (e.g. heating and transportation needs). With a view to efficiently examine potential relationships among pollutants monitored, correlation analysis was implemented. Results indicated that THC and CH 4 present a very high correlation (R = 0.858, number of entries n = 4,749) whereas a noticeable but lower correlation between SO 2 and H 2 S was also observed (R = 0.670, n = 4,749). On the contrary, not any significant correlation (R < 0.200) among the four air pollutants and weather parameters was identified.
Conclusions
The aim of the specific paper was to assess the temporal evolution (2004-2016) of air pollution levels in the wider industrial zone of Kavala region, Northeastern Greece in terms of sulfur dioxide (SO 2 ), hydrogen sulfide (H 2 S), methane (CH 4 ) and total hydrocarbons (THC).
Results indicated a slight increase of concentration level over the years, where a noticeable increase of SO 2 and H 2 S concentrations for the period 2010-2013 was identified. In all cases however, the concentrations were below the limits set by the National legislation and alarm values. In general, few episodes (especially during September) characterize the air quality in the examined area. High average to median ratios especially for years 2014 and 2015 indicate episodes of high level concentrations of SO 2 and H 2 S whereas THC and CH 4 did not exhibit similar behavior, suggesting that sulfur and hydrocarbon pollutants may exhibit different characteristics (e.g. sources, sinks, seasonality).
Concentration levels measured during warm/cold period and weekdays/weekends were identical for hydrocarbons indicating uniform sources. On the other hand, regarding sulfur containing pollutants, SO 2 concentrations were slightly higher during the cold period, whereas H 2 S concentrations were higher during summer. The correlation of SO 2 /H 2 S and THC/CH 4 is an indication that the specific pairs of pollutants originate from common sources. In spite of the aggravating factors that characterize the examined area, it can be inferred that the air quality in terms of the four pollutants under examination is satisfying and does not pose at the moment any danger to human health. A more detailed analysis is necessary though (incl. source apportionment, more sampling spots, etc.) to extract safer results. The authors plan to undertake the specific research in the future.
